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(57) Abstract 

A downhole tool (20) comprises a body (22), a tool function 
member (28, 30) axialiy movable relative to the body (22) from an 
initial position to an operative position, a first spring (32) responsive 
to a first fluid pressure force for pemiitting movement of the tool 
function member (28) from the initial position to an intermediate 
position; and a second spring (33) responsive to a higher second 
fluid pressure force for selectively pemiitting movement of the tool 
function member (30) to the operative position. The tool function 
member may be in one or two parts and may include a bypass sleeve 
(30). 
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PCT/GB99/00754 



PRESSURE ACTUATED DOWNHOLE TOOL 

This invention relates to a downhole tool, and in 
particular to a pressure actuated downhole tool, such as a 
bypass tool . 

In production of hydrocarbons from subsurface 
formations, drilling operations are typically undertaken 
using a drill bit mounted on the lower end of a drill 
string formed of sections of drill pipe which are threaded 
together. The drill string is rotated from the surface, 
and drilling fluid or "mud'* is pumped through the string, 
to exit at appropriate nozzles adjacent the drill bit. The 
mud carries the drill cuttings away from the drilling zone 
and up to the surface through the annulus defined between 
the bore wall and the drill string. In certain 

circumstances, such as in non-vertical bores, the drill 
cuttings may collect in a section of the bore, interfering 
with the drilling operation and creating problems when it 
is desired to remove the drill string from the bore. 

To counter this difficulty, it is known to provide 
bypass cools in the drill string, which tools may be 
configured to allow drilling mud to pass directly from the 
drill string bore to the annulus, without circulating 
through the drill bit. A t\^ical b'^-pass tool defines ports 
in the cool body which are initially closed by an axially 
movable sleeve. However, che sleeve is mounted to the tool 
body such that elevated pressure, acting on a ball which 
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has been dropped down the drill string to engage the 
sleeve, causes the sleeve to move and uncover the ports, 
allowing direct fluid communication between the string bore 
and the annulus . Mosc existing bypass tools cannot be re- 
closed after the sleeve has been moved to the open position 
and thus must be raised to the surface to allow resetting. 

In a typical drilling operation, the pressure of the 
drilling mud will be subject to variations as, for example, 
new drill pipe sections are added to the string, such that 
a fluid bypass tool that incorporated a freely reciprocally 
movable pressure sensitive sleeve would be subject to 
continual opening and closing, which would prove 
inconvenient and create delays in the drilling operation: 
if the drilling operation necessitated that the b^-pass tool 
was closed, it might be necessary to cycle the drilling mud 
pressure to close the tool before the drilling operation 
could commence . 

It is among - the objectives of embodiments of the 
present invention to provide a pressure actuated bypass 
tool which obviates or mitigates this disadvantage. 

It is a further objective of the present invention to 
provide a fluid pressure actuated downhole tool having a 
plurality of operative configurations. 

According to the present invention there is provided 
a downhole tool, the tool comprising: 

a body / 

a fluid pressure accuaced member . axially movable 
relative to the body; 
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a tool function member which is not responsive to 
fluid pressure and is axially movable relative to the body 
to an operative position; and 

means for selectively coupling the fluid pressure 
actuated member to the tool function member to permit 
movement of said tool function member to the operative 
position on application of pressure to the fluid pressure 
actuated member. 

According to another aspect of the present invention 
there is provided a method of remotely activating a 
downhole tool, the method comprising: ^, 
providing a downhole tool comprising a body, a fluid 
pressure actuated member axially movable relative to the 
body and a tool function member which is not responsive to 
fluid pressure and is axially movable relative to the body; 

selectively coupling the fluid pressure actuated 
member to the tool function member; 

applying fluid pressure to said fluid pressure 
actuated member to move the members axially relative to the 
body, thereby moving the tool function member to an 
operative position , 

The provision of the selective coupling means between 
the fluid pressure actuated member and the tool function 
member permits the pressure in the tool to be varied or 
cycled without the tool functioning. Thus, in use, the 
pressure cycles which are typically encountered during the 
course of, for example, a drilling operation, will not 
necessarily result in functioning of the tool, which 
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Otherwise may create inconvenience and delay. 

Preferably, in a first configuration said coupling 
means permits axial movement of the fluid pressure actuated 
member substantially independently of the tool function 
member, and in a second configuration axial movement of the 
fluid pressure actuated means may result in corresponding 
axial movement of the tool function member. 

Preferably also, one or both of the fluid pressure 
actuated member and the tool function member are sleeves. 

Preferably also, the body is tubular and defines a 
bore and in the operative position the tool function member 
permits fluid communication between the bore and the 
exterior of the body, that is the tool is a fluid bypass 
tool. In this embodiment, the tool function member may 
define apertures for selectively providing fluid 
communication with apertures defined in the body wall. 
Most preferably, the tool permits fluid bypass when the 
apertures are aligned. The fluid pressure actuated member 
may also define slots or apertures. 

Preferably also, both of the fluid pressure actuated 
member and the tool function member are biassed towards a 
first: position, most preferably by respective springs, and 
application of fluid pressure tends to move one or bonh of 
the members towards a second position against the action of 
the respective biassing member. Most preferably, the tool 
function member is biassed towards the first position by a 
biassing means which only permits movement of the member 
when the member is subject to a predetermined force from 
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the fluid pressure actuated member. 

Preferably also, the fluid pressure actuated member is 
flow responsive, Most preferably, the member defines a 
flow restriction such that flow of fluid through the body 
above a predetermined flowrate creates a pressure 
differential across the restriction sufficient to move the 
member axially relative to the body. In an alternative 
embodiment, the fluid pressure actuated member may be 
responsive to differential pressure between the tool 
interior and exterior. 

In one embodiment, the coupling means comprises a.^ 
track and follower arrangement configurable to restrict 
relative movement between the fluid pressure actuated 
member and the tool function member. The coupling means 
may further comprise an arrangement to selectively restrict 
movement of the fluid pressure actuated member on che tool 
function member relative to the body, which arrangement may 
comprise a further track and follower. 

In another embodiment, the coupling means comprises a 
link or coupling between the fluid actuated member and the 
tool function member such that the movement of the fluid 
actuated member results in movement of the tool function 
member. The coupling may initially be in a non-coupling 
configuration allowing movement of the fluid actuated 
member independently of the tool function member: the 
coupling means may be controlled by a time sensitive 
actuator, which is adapted to move the coupling from a non- 
coupling configuration to a coupling configuration if, for 



wo 99/47789 PCT/GB99/00754 

6 

example, the mud pumps are turned off and on within a 
predetermined interval or turned on, off and on within a 
predetermined interval, or indeed any sequence of mud pump 
activation and de -activation within a predetermined 
interval. Subsequently, the coupling may be returned to a 
non-coupling configuration. In other embodiments., the 
coupling means may be controlled by pressure pulses, radio 
signals, electrical signals or other forms of signals 
transmitted from the surface. 

According to a further aspect of the present invention 
there is provided a downhole tool, the tool comprising: 

a body / 

a tool function member axially movable relative to the 
body from an .initial position to an operative position; 

first means responsive to a first force for permitting 
movement of the tool function member from the initial 
position to an intermediate position; and 

second means responsive to a higher second force for 
selectively permitting movement of the tool function member 
from the initial position to the operative position.. 

This aspect of the present invention fluid provides a 
tool having at least three possible configurations. 
•Embodiments of the invention may include three or more 
means, with a corresponding increase in the number of 
available intermediate positions, some or all of which may 
serve a function. 

Preferably, the tool function member is fluid pressure 
actuated and the firsc means is responsive to a first fluid 
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pressure force and the second means is responsive to a 
higher second fluid pressure force. The fluid pressure 
forces are preferably flow induced. The tool function 
member may be operatively associated with a flow 
restriction, which flow restriction may be fixed, or may be 
variable . 

Preferably also, the first and second means are two or 
more springs, for example a pair of springs, a lower rated 
first spring permitting movement of the member to the 
intermediate position and a higher rated or pre- tensioned 
second spring which only permits movement to the operative^ 
position, or an alternative intermediate position, on 
application of the higher second fluid pressure force. In 
this manner the tool may, for example, be cycled while 
experiencing a lower first fluid pressure force without the 
tool function member becoming operative, and only when the 
tool experiences the higher second fluid pressure force 
does the tool function member become operative. 

The tool function member may be a single member, such 
as a sleeve, or may be in two or more parts, coupled by 
appropriate means for selectively coupling the parts. 

Preferably also, the tool function member defines a 
through bore. 

The cool may be a fluid bypass tool, and in the 
operative position the tool function member permits fluid 
flow from the tool bore to a surrounding annulus . 

According co anocher aspect of che present invention 
there is provided a downhole tool comprising: 
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a body; 

a tool function member axially movable relative to the 
body ; and 

a fluid pressure actuated member operatively 
5 associated with the tool function member and including 

restriction means for restricting fluid flow through the 
body, said restriction means being movable between a first 
configuration, in which said means presents a minimal flow 
restriction, and a flow restricting second configuration, 

10 whereby in said second configuration said means facilitates 

movement of the fluid actuated member and actuation of said 
tool function member. 

This aspect of the invention facilitates operation of 
fluid pressure actuated tools, in chat the restriction 

15 means may be configured to restrict fluid flow and thus 

allow a relatively modest fluid flowrate to create a 
significant fluid pressure force. When it is not desired 
to actuate the member the restriction means is positioned 
in the first configuration, and thus does not create a 

20 significant restriction or barrier to flow through or past 

the tool. 

Preferably, the restriction means includes one or more 
flaps which may be selectively extended and retracted. 
Most preferably, in a first configuration the flaps excend 
25 radially inwardly to restrict flow through a tool bore. 

This aspect of the invention may be provided- 
independently of or in combination with one or more of the 
previously described aspects of the invention. 
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These and other aspects of the present invention will 
now be described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a diagrammatic sectional view of a bypass 
5 tool in accordance with an embodiment of the present 

invention, and illustrating track and follower 
configurations of the tool; 

Figures 2 to 13 are diagrammatic sectional views of 
the tool of Figure 1 in different, sequential 
10 configurations ; 

Figure 14 is a diagrammatic sectional view of a bypass 
tool in accordance with a preferred embodiment of the 
present invention; 

Figure 15 is a diagrammatic represencat ion of an 
15 actuating sleeve groove,, and pins and protrusions on an 

inner face of a bypass sleeve of the tool of Figure 14; 

Figures 16 to 29 are diagrammatic sectional views of 
the tool of Figure 14 in different, sequential 
configurations; 

20 Figure 30 is a diagrammatic sectional view of a bypass 

tool, including an illustration of the track and follower 
configuration of the tool, in accordance with another 
embodiment of the invention; 

Figure 31 is a sectional view of a bypass tool, 
25 including an illustration of the track and follower 

configuration of the tool, in accordance with a further 
embodiment of the invention; and 

Figure 32 is an enlarged view of part of the tool of 
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Figure 31. 

Reference is first made to Figure 1 of the drawings 
which illustrates a bypass tool 20 in accordance with an 
embodiment of the present invention. The tool has a 
tubular body 22 defining a through bore 24, the ends of the 
body 22 being provided with conventional pin and box 
connections 26, 27 to allow the tool 20 to form part of a 
drill string formed of sections of drill pipe. 

The tool 20 further comprises a fluid pressure 
actuated member in the form of an inner sleeve 28 which is 
axially movable relative to the body 22. Mounted 
externally of the sleeve 28 is a tool function member in 
the form of an outer valve sleeve 30, also axially movable 
relative to the body 22 and with seals 31 between the 
sleeve 30 and the body 22. The sleeve 30 is mounted such 
that it cannot rotate relative to the body 22. Both 
sleeves 28, 30 are biased upwardly within the body by 
respective springs 32, 33. The movement of the sleeves 28, 
3 0 relative co the body 22 and relative to one another is 
controlled by two track and follower arrangements 34, 35, 
details of which are shown in Figure 1. The upper track 36 
is defined in an outer surface portion of the inner sleeve 
28 and extends around the circumference of the sleeve 28. 
The lower track 3 7 is defined by a collar rotatably mounted 
to the lower end of the sleeve 28. The tracks 36, 37 are 
mirror images of one another. A follower 38 extending 
radially inwardly from an upper portion of the outer sleeve 
30 engages with che upper track 36, while a follower 39 
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extending inwardly of the body 22 engages with the lower 
track 37. 

The inner sleeve 2 8 defines a through bore, of 
corresponding diameter to the body bore 24, and is provided 
5 with a flow restriction 42 such that, above a certain 

flowrate, a pressure differential is created across the 
restriction 42 to produce a downward acting pressure force 
on the sleeve 28 sufficient to overcome the action of the 
spring 32. As will be described, in certain tool 
10 configurations, a pressure differential may also be 

produced sufficient to compress the heavier outer sleeve 
spring 3 3 , 

The inner sleeve 28 is slotted at 44. The valve 
sleeve 3 0 and the body 2 2 each define radially expending 

15 flow ports 45, 46. Initially, the sleeve ports 45 are not 

aligned with the body ports 46 . As will be described 
below, when the ports 45, 46 are aligned the tool provides 
for mud bypass, that is rather than all of the mud 
travelling down through the drill string and exiting at 

20 nozzles in the drill bit before passing up through the 

annulus, most of the mud passes directly from the string 
■bore into the annulus, which may be useful in ensuring 
entrainment of drill cuttings. As will be described below, 
the track and follower arrangements 34, 35 are arranged 

25 such that the ports 45, 46 are only aligned after a 

predetermined sequence of pressure cycles, and afcer 
application of pressure forces above a predetermined level 
at a certain point on the cycle, and once opened che pores 
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45, 46 remain aligned until application of further pressure 
cycles above a predetermined level. 

Figure 1 illustrates the tool in an initial 
configuration and in which configuration the tool will 
5 remain as long as mud flow through the tool r'emains below 

a predetermined level, in this example 400 gallons per 
minute (gpm) . If the mud flow is increased co more than 
400 gpm, the pressure force created across the flow 
restriction 42 is sufficient to compress the spring 32, 
10 such that the inner sleeve 28 is moved downwardly relative 

to the body 22 and outer sleeve 30. The track followers 
38, 39 travel along the respective tracks 36, 37, The 
configuration of the track 36 is such that the relative 
axial movement between the follower 3 3 and the track 3 6 
15 results in rotational movement of the inner sleeve 28 which 

moves downwardly in the body 22 until the followers 38, 3 9 
engage respective track stops 48, 49. In this position, as 
illustrated in Figure 2 of the drawings, the outer sleeve 
pores 4 5 remain out of alignment with the body parts 4 6 and 
there is no fluid communication between the body bore 24 
and the surrounding annulus . The inner sleeve 28 remains 
in the lower position until the mud flow is reduced to less 
than 400 gpm, which allows for partial excension of the 
spring 32, until the follower 39 engages che nexc scop 51 
on Che track 37, as illustrated in Figure 3 of the 
drawings. In this position, the flow ports 45, 45 remain 
mxsaligned. It will also be evident from Figure 3 that the 
collar defining the track 3 7 has rocated relative co the 



20 



25 
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body 22 to accommodate this relative positioning of the 
sleeves and body. On increasing the mud flowrate to above 
400 gpm, the upper follower 38 is brought back inco contact 
with the stop 48 and the lower follower 39 into contact 
with a further stop 52, as illustrated in Figure 4 of the 
drawings . 

When the mud flow is reduced once more below 400 gpm, 
the spring 32 lifts the inner sleeve 28 such that the 
sleeve 28 returns to its initial position, and the upper 
follower 3 8 engages the track stop 54 and the lower 
follower 3 9 engages the track stop 55, as illustrated in 
Figure 5 of the drawings . 

If the mud flow is then increased to a flow between 
4 00 and 60 0 gpm, downward movement of the sleeve 23 is 
arrested by the upper follower 3 8 engaging the track stop 
56, that is the outer sleeve 30, and in particular the 
outer sleeve return spring 33, prevents further downward 
axial movement of the inner sleeve 28. In this example the 
spring 33 is selected such chat, as long as the mud flow 
remains below 600 gpm, the outer sleeve 30 will not move 
downwards. If the mud flowrate is reduced once more, the 
spring 32 lifts the inner sleeve 23 and the followers 38, 
39 advance co a position on -the respective tracks 36, 37, 
as illustrated in Figure 7, corresponding to the initial 
position as illustrated in Figure 1. Thus, as long as the 
mud flow does not exceed 600 gpm while the sleeves 28, 3 0 
are in the relative positions as illustrated in Figure 6 of 
the drawings, the ports 45, 46 will remain misaligned, and 
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there will be no mud flow through the body ports 46. 

If it Is desired to provide bypass, mud flow is 
increased above 600 gpm when the sleeves 28, 30 are in the 
relative positions as illustrated in Figures 5 and 6 of the 
drawings, as will be described with reference to Figures 9 
to 13 of the drawings. 

Reference is first made to Figure 9, which illustrates 
the relative positions of the sleeves 28, 30 and the body 
22 when, starting from the relative positions as 
illustrated in Figure 5, mud flow has been increased to 
greater than 600 gpm. Accordingly, the pressure force 
acting on the inner sleeve 23 across the flow restriction 
4 2 has not only compressed the spring 3 2 but has also 
compressed the spring 33 such that the ports 45, 46 are 
aligned. Once this relative positioning of the sleeves 28, 
30 and body 22 has been achieved, the track configurations 
are arranged such that the ports 45, 46 remain aligned if 
the mud flow is reduced below 600 gpm (see Figure 10) and 
then increased above 600 gpm once more (see Figure 11) , 
However, if the flow is then reduced to below 400 and 600 
gpm the spring 33 lifts the outer sleeve 30 to close the 
port. 46, as illustrated in Figure 12, If flow is then 
further reduced below 400 gpm, the followers 38, 39 assume 
the positions on the respective tracks, 36, 37 
corresponding to the initial position as illustrated in 
Figures 1 and 7 . 

From the above description it will be apparent to 
those of skill in the art that the cool 20 described above 
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offers many advantages over convention bypass tools. In 
particular, the configuration of the tool 20 is such that, 
as long as the pump flowrace remains below a predetermined 
level at selected points during the pressure cycle, the 
5 tool 20 may be subject to an indefinite number of cycles 

without opening. However, if it is desired to open the 
tool 20, all that is required is for the mud flowrate to be 
varied and, at a certain point, to be increased above a 
predetermined flowrate, in this example 600 gpm. Further, 

10 once the tool 20 has been opened the tool will remain open 

through a predecermined number of further pressure cycle-s 
(below 600 gpm, above 600 gpm below 600 gpm) . Of course, 
if it is necessary to increase the mud flowrate above 600 
gpm, but it is not desired to open the tool 20 at this 

15 point, it is merely necessary to ensure that the inner 

sleeve 28 is not being supported by the outer sleeve 30 at 
this point and may move independently of the sleeve 30. 

Reference is now made to Figures 14 to 2 9 of the 
drawings, which illustrate a bypass tool 60 in accordance 

20 with a preferred embodiment of the present invention. 

Reference is first made in particular to Figure 14 of the 
drawings, which illustrates the main features of the tool 
60; those of skill in the art will realise chac this and 
the other drawings are diagrammatic, v/ith a view to 

25 facilitating understanding of the operation of the tool. 

The tool 60 has a tubular body 62 defining a through 
bore 64, che ends of the body 62 being configured to allow 
the tool 60 to form part of a drill string formed of 
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sections of drill pipe. The tool 60 further comprises an 
actuator sleeve 66 which defines a bore restriction 68 
allowing a pressure force to be applied to the sleeve 66 by 
passing fluid through the body bore 64. Also mounted on 
5 Che body 62 is a bypass sleeve 70 which is selectively 

coupled to the actuator sleeve 66, as will be described. 

The actuator sleeve 66 is axially movable and 
rotatable relative to the body 62, movement of the sleeve 
6 6 being controlled by pins 72 which engage with a groove 

10 or track 74 defined by an inner face of the bypass sleeve, 

a track 74 and a number of pin locations being illustrated 
in Figure 15 of the drawings (it should be noted that in 
Figures 16 to 29 the bypass sleeve 70 appears to be 
rotating while the actuator sleeve 66 does not appear to 

15 rotate; the tool is illustrated in this manner to 

facilitate understanding of the tool operation) . Also, the 
actuator sleeve 66 is biassed upwardly relative to the 
bypass sleeve 70 by an actuator spring 76 located below the 
crack 74'. 

20 Mounted in the portion of the actuator sleeve defining 

the bore restriction 63 are flaps 78 which, as will be 
described, may be excended into che body bore 64 co 
restrict fluid flow through the body 62, and allow 
application of significant fluid pressure forces to the 

25 sleeve 66. The flaps 78 are pivotally mounted to the 

sleeve 66 and the configuration of the flaps is concrclled 
by the interaction of flap extensions 80 wich profiled 
protrusions 82 on the bypass sleeve 70, as illustrated in 
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Figure 15 of the drawings . 

The bypass sleeve 70 is axially movable relative to 
the body 62, the movement of the sleeve 70 being controlled 
by the interaction of pins 84 extending radially outwardly 
of the sleeve 70 and engaging a track 36 on a hold-down 
sleeve 88 rotatably mounted in the body 62. A heavy spring 
90 is provided between the bypass sleeve 70 and the body 62 
and tends to urge the sleeve 70 upwardly relatively to the 
body 62. Although not illustrated, another pin extends 
from the sleeve 70 to engage an axial slot in the body 62, 
to prevent rotation of the sleeve 70 relative to the body 
62 . 

To allow fluid bypass, that is for fluid to flow 
directly from the body bore 64 into the annulus, without 
passing downwardly and through the drill bit, the bypass 
sleeve 70 defines ports 92 which, as will be described, may 
be selectively aligned with corresponding ports 94 in the 
body 6 2 . 

The operation of the tool 60 will now be described 
with reference to Figures 16 through 2 9 of the drawings. 
Figure 16 illustrates the tool 60 in an initial or start 
position, with both the actuator sleeve 66 and the bypass 
sleeve 70 biassed toward upper positions by the respective 
sleeve springs 76, 90. On the mud pumps at the surface 
being turned on to full flow, the accuacor sleeve 66 is 
moved downwardly by the pressure force created by the fluid 
passing through the bore restriction 63. The inceraction 
of the pins 72 and the track 74 cause the sleeve 66 co 
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rotate relative to the body 62 and the bypass sleeve 70 as 
the sleeve 6 6 moves axial ly downwards, to the position as 
illustrated in Figure 17. If the pumps are then turned 
off, the actuator sleeve 66 moves upwardly, and rotates, 
and as the sleeve 66 moves upwardly the flap extensions 80 
contact faces 96 of the protrusion 82, to extend the flaps 
78, as shown in Figures 18 and 19. If the mud pumps are 
then turned on and pump slowly up to a first predetermined 
pressure (X) the actuator sleeve 66 moves downwards 
slightly and rotates, to the position as illustrated in 
Figure 20. If the pumps are then turned off, the actuator 
sleeve 66 moves upwardly again, rotates, and the flaps 78 
fall open, as illustrated in Figure 16. 

By cycling the tool 60 as described, above, it will be 
noted that there is no movement of the bypass sleeve 70, 
such that the ports 92, 94 remain mis~aligned. The 
procedure to open the ports 92, 94 is described below. 

The initial movement of the actuator sleeve 66 is as 
described above, that is from the start position shown in 
Figure 16 the pumps are turned on full to move the actuator 
sleeve 66 down and also rotate the sleeve 66 to the 
position as shown in Figure 17, The pumps are then turned 
off, allowing the sleeve 65 to m.ove upwardly and rotate 
and to extend the flaps, as illustrated in Figures 18 and 
19. However, on turning on the pumps slowly again, the 
pressure produced by the pumps is increased to a higher 
second predetermined level (X+Y) , which additional pressure 
also allows the bypass sleeve 70 to be moved downwardly, 
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against the spring 90, by the action of the pins 72 on the 
bypass sleeve track 74. This position is illustrated in 
Figure 21 of the drawings. On turning the piimps off, the 
bypass sleeve 70 moves partially upwards, restrained by the 
hold-down sleeve 88, which has rotated relative to the 
bypass sleeve 70, and the actuator sleeve 66 moves upwardly 
and rotates relacive to the bypass sleeve 70, allowing the 
flaps 78 to fall open, as illustrated in Figures 22 and 23 
of the drawings. The pumps may now be turned on fully, 
which causes the actuator sleeves 6 6 to move downwardly and 
rotate, and in which position the ports 92, 94 are aligned 
such that the majority of fluid flow is directed from the 
body bore 64, through the ports 92, 94, and into the 
annulus, as shown in Figure 24. 

On turning the pumps off, the actuator sleeve 66 moves 
upwardly, rotates relative to the bypass sleeve 70, and the 
flap extensions 80 engage with the bypass sleeve 
protrusions 82 to extend the flaps 78, as shown in Figure 
25 of the drawings. By then turning the pumps on slowly to 
achieve the higher second predetermined pressure (X + Y) 
above the closed flaps 78, the actuator sleeve 66 is moved 
downward partially, rotating relative to the bypass sleeve 
70, and latterly in the dovmward stroke taking the bypass 
sleeve 70 fully downwardly, as illustraced in Figures 26 
and 27 of the drawings. When the pumps are turned off 
again, the actuator sleeve 66 moves upwardly, rotating 
relacive to the bypass sleeve 70 and body 62, such that the 
flaps 78 are retracted and the bypass sleeve 70 returns to 
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the initial position, with the ports 32, 94 mis-aligned, as 
illustrated in Figures 28 and 29 of the drawings. 

From the above description it will be apparent that 
this embodiment of the invention offers significant 
5 advantages by the provision of the retractable restriction 

in the form of the flaps 78 , In tools provided with a 
fixed permanent restriction, such as a nozzle, a permanent 
bore restriction is introduced into the string, thus 
restricting drilling mud flow rates. Further, the axial 

10 force which may be applied via a fixed nozzle is limited to 

typically around. 1,000 pounds (minus friction and any 
spring force that must be overcome) . With this embodiment 
of the present invention, extension of the flaps 78 creates 
a significant restriction in the bore, and it is estimated 

15 that a force in the region of 50,000 pounds would be 

available from a typical tool. A further advantage 
provided by the significant restriction created in the tool 
bore by the extended flaps 78, is that the tool may be 
functioned at very low mud circulating rates. In the 

20 illustrated example, this greatly extends the life of the 

seals around the ports 92, 94, due to the minimal flow 
across the seals as the tool is opening. Also, the 
provision of the flaps 78 allows the configuration of the 
tool to be determined from surface, from the high pressure 

25 that is produced at the relatively low flow rates, without 

functioning the tool. When the flaps are opened, losses 
are minimal due to the relatively modest bore restriction 
which is required to allow movement of the actuator sleeve 
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66. 

Reference is now made to Figure 30 of the drawings, 
which illustrates a bypass tool 100 in accordance with 
another embodiment of the invention. The tool 100 
5 represents a less sophisticated embodiment of the 

invention, comprising a one-piece sleeve 102 defining a 
fixed flow restriction 104 . The sleeve 102 is axially and 
rotatably movable within a tubular body 106, movement of 
the sleeve 102 being controlled by a track and follower 

10 arrangement 108; the track 110 is defined in an upper outer 

surface of the sleeve 102 and the follower 112 is in>.the 
form of pins extending radially inwardly from the body 106 . 
As will be described, the sleeve 102 is movable becween a 
"closed" position (as illustrated) in which flow ports^ 114 

15 in the body are closed by the sleeve 102, and an open or 

flow position in which sleeve ports 116 are aligned with 
the body ports 114, allowing fluid to flow from the tool 
bore directly into the surrounding annulus . 

The provision of the restriccion 104 renders the 

20 sleeve 102 flow sensitive, thac is the greater the fluid 

flow rate through the string of which the tool forms a 
part, the greater the differential pressure acting across 
the restriction 104 , and the greater the axial force acting 
on the sleeve • 102 . Axial movement of the sleeve 102 

.25 towards the open or flow position is resisted by a pair of 

springs 118, 120 acting between the body 106 and the sleeve 
102. The first spring 118 constantly urges the sleeve 102 
upwardly, while the higher raced second spring 120 only 
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acts on the sleeve 102 during certain points in the cycling 
of the sleeve 102, as described below. 

Figures 30 illustrates the tool in the position where 
there is little or no flow through the tool 100, such that 
5 the spring 118 biases the sleeve 102 upwardly to its 

fullest extent, the pin followers 112 occupying the 
lowermost stop 110a on the track 110 , An increase in mud 
flow rate will push the sleeve 102 downwards, against the 
action of the spring 118, .this axial movement being 

10 accompanied by rotation of the sleeve 102 such that the pin 

followers 112 will move to the stop 110b on the track 110 . 
At this position the sleeve and body ports 116, 114 remain 
misaligned. Further axial movement of the sleeve 102 
requires that the second spring 120 is compressed, this 

15 requiring an elevated mud flow rate. In the absence of 

such an elevated flow rate the ports 116, 114 remain 
misaligned, and on the mud flow rate reducing the sleeve 
102 is returned to the position as illuscrated in Figure 
30, but with the pin followers 112 ac scop 110c in the 

20 track 110. If however, the rate of flow is increased to an 

elevated level sufficient to compress the spring 120, the 
pin followers 112 will move into the longer slots llOd in 
che track, allowing the sleeve 102 to move downwardly and 
the ports 116, 114 to come into alignment. A subsequent 

25 reduction in flow rate will return the followers 112 to 

stops 110c on the track 110. 

A subsequent increase in mud flow rate v;ill move the 
sleeve 102 and bring the pin followers 112 into contact 
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with the stops llOe; in this position the sleeve 102 is 
restrained from further downward movement, whatever the 
pressure differential across the restriction 104. 

It will be apparent that the tool 100 may be cycled 
indefinitely and will only "open" when an elevated mud flow 
is provided at a particular part of the cycle; the drilling 
operators need not spend time cycling the tool in order to 
close the tool as a result of the normal variations in mud 
flow experienced during a drilling operation. 

Reference is now made to Figures 31 and 3 2 of the 
drawings, which illustrate a bypass tool 150 in accordance 
with another embodiment of the invention. This tool 150 
features a two-part sleeve 152, the parts of the sleeve 
154, 156, being selectively coupled by a track and follower 
arrangement 158 as illustrated in Figure 31, the track 160 
being defined by on outer face of the first sleeve 154 and 
pin followers 162 being provided on an upper inner portion 
of the second sleeve 156. 

Movement of the sleeves 154, 156 is controlled by the 
track and follower arrangement 158 in conjunction with a 
relatively light first spring 164 between the first sleeve 
154 and the tool body 166 and pre - tensioned heavier second 
spring 163 between the second sleeve 156 and the body 166 . 
The first spring 164 is mounted to the body 166 .via a 
spacer sleeve 167 retained in the body between a shoulder 
169 and a circlip 171, 

The first sleeve 154 defines a restriction 170 such 
that the flow of mud through the tool 150 creates an axial 
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pressure force on the sleeve 154; the sleeve 154 is 
illustrated in the position it would assume under full 
flow, with the location of the followers 162 in the track 
160a allowing the sleeve 154 to be moved to its maximum 

5 extent without such movement being transferred to the other 

sleeve 156. However, it will be apparent that by cycling 
the mud flow it is possible to locate the followers 162 
against stops 160b which will allow the sleeve 154 to 
transfer force to the second sleeve 156 and, if the mud 

10 flow rate is sufficient, move the second sleeve 156 

downwardly to open the tool by aligning the ports in the 
sleeve 174 with the ports in the body 176. 

It will be apparent to those of skill in the art that 
the above -described embodiments are merely exemplary of the 

15 present invention, and that various modifications and 

improvements may be made thereto, without departing from 
the scope of the invention. 
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CLAIMS 

1. A downhole tool comprising: 
a body ; 

a tool function member axially movable relative to the 
body from an initial position to an operative position; 

first means responsive to a first force for permitting 
movement of the tool function member from the initial 
position to an intermediate position; and 

second means responsive to a higher second force for 
selectively permitting movement of the tool function member 
to the operative position. 

2. The tool of claim 1, wherein the tool function member 
is fluid pressure actuated and the first means is 
responsive to a first fluid pressure foi'ce and the second 
means is responsive to a higher second fluid pressure 
force . 

3. The tool of claim 2, wherein the tool function member 
is actuated by flow induced fluid pressure forces. 

4. The tool of claim 3, wherein the tool function member 




ociated with a flow restriction. 



5 . 



The tool of claim 4, wherein the flow restriction is 



fixed . 
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wherein the flow restriction is 

7. The tool of claim 6, wherein the flow restriction is 
movable between a first configuration, in which said 
5 restriction presents a minimal flow restriction, and a flow 

restricting second configuration and in said second 
configuration said restriction facilitates actuation of 
said tool function member. 



WO 99/47789 



# 



6. The tool of claim 4, 
variable . 



8. The tool of claim 1 , wherein the flow restriction 
10 includes one or more selectively extendable and retractable 

flaps . 

9, The tool of claim 8, wherein in a first configuration 
the flaps extend radially inwardly to restrict flow through 
a tool bore . 

15 10, The tool of any of the preceding claims, wherein the 

first and second means are springs. 

11. The tool of claim 10, wherein the first and second 
means are a pair of springs, a firsc spring permitting 
movemenc of the member to the intermediate position and a 
20 second spring only permitting movement to the operative 

position on application of the higher second fluid pressure 
force . 
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12. The tool of any of the preceding claims, wherein the 
tool function member is rotatable relative to the body. 

13. The tool of any of the preceding claim.s, wherein the 
tool function member is a sleeve. 

5 14. The tool of any of the preceding claims, wherein the 

movement of the tool function member relative to the body 
is controlled by a track and follower arrangement. 

15. The tool of any of the preceding claims, wherein the 
tool function member is in two or more parts, coupled by 

10 means for selectively coupling the parts. 

16. The tool of claim 15, wherein the tool function member 
comprises a fluid pressure actuated part axially movable 
relative to the body, and a tool function part axially 
movable relative to the body to one or more operative 

15 positions, and the tool further comprises means for 

selectively coupling the fluid pressure actuated part to 
the tool function part to permit movement of said tool 
function part to the one or more operative positions. 

17. The tool of claim 16, wherein in a first configuration 
20 said coupling means permits axial movement of the fluid 

pressure actuated part substantially independer.t ly of the 
tool function part, and in a second configuration axial 
movement of the fluid pressure actuated part results in 
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corresponding axial movement of the tool function part. 

18. The tool of claim 16 or 17, wherein the fluid pressure 
actuated part is biassed towards the initial position by 
the first means and the tool function part is biassed 

5 towards the initial position by said second means . 

19. The tool of claim 16, 17 or 18, wherein the coupling 
means comprises a track and follower arrangement 
configurable to restrict relative movement between the 

fluid pressure actuated pare and the tool function part. 

10 20. The tool of claim 19, wherein the coupling means 

further comprises a further track and follower arrangement 

to selectively restrict movement of the fluid pressure 
actuated part relative to the body. 

21. The tool of any of the preceding claims, wherein the 
15 tool is a fluid bypass tool, and in the operative position 

the tool funcuion member permits fluid flow between 
a tool bore and the tool exterior. 

22. A downhole tool comprising: 
a body ; 

2 0 a tool function member axially movable relative to the 

body ; and 

a fluid pressure actuated member operatively 
associated with the tool function ^member and including 
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for restricting fluid flow through the body, said 
restriction means being movable between a first 
configuration, in which said means presents a minimal flow 
restriction, and a flow restricting second configuration, 
5 whereby in said second configuration said means facilitates 

movement of the fluid actuated men±>er and actuation of said 
tool function member. 



23. The tool of claim 22, wherein the restriction means 
includes one or more selectively extendable and retractable 

10 flaps . 

24. The tool of claim 23, wherein in a first configuration 
the flaps extend radially inwardly to restrict flow through 
a tool bore. 



25. A downhole tool comprising: 
15 a body; 

a fluid pressure actuated member axially movable 
relative to the body; 

a tool function member which is not responsive to 
fluid pressure and is axially movable relative to the body 
20 to an operative position; and 

means for selectively coupling the fluid pressure 
actuated member to the tool function member to permit 
movement of said tool function member to the operative 
position . 
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26. A method of remotely activating a downhole tool, the 
method comprising: 

providing a downhole tool comprising a body, a fluid 
pressure actuated member axially movable relative to the 
5 body and a tool function member which is not responsive to 

fluid pressure and is axially movable relative to the body; 

selectively coupling the fluid pressure actuated 
member to the tool function member; and 

applying fluid pressure to said fluid pressure 
10 actuated member to move the members axially relative to the 

body, thereby moving the tool function member to an 
operative position . 
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